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Equilibrium Climate Sensitivity (ECS)

"Equilibrium change In Earth’s global mean surface temperature,
IN response to a doubling of atmospheric CO2 relative to pre-
industrial conditions” (IPCC)



ECS Is a good predictor of future warming
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Observational constraints are weak
(as are model-constraints)
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Observational constraints are weak
(as are model-constraints)
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ECS: all about the A

Energy Budget: AN = AF — AAT
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ECS: all about the A

Energy Budget: AN = AF — AAT
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ECS: all about the A

Energy Budget: AN = AF — AAT

Changes since pre-industrial
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ECS: all about the A

Energy Budget: AN = AF — AAT

Changes since pre-industrial
(AN from ARGO) Equilibrium Climate Sensitivity
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ECS: all about the A

Equilibrium Climate Sensitivity
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Pattern effect correction

1.50
- Pattern Effect based on Observed SS5Ts

1251 Pattern Effect with Reduced Uncertainty
== Pattern Effect from Transient Simulations

Equilibrium Climate Sensitivity
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Pattern effect correction

1.50
- Pattern Effect based on Observed SS5Ts

1251 Pattern Effect with Reduced Uncertainty
== Pattern Effect from Transient Simulations

Equilibrium Climate Sensitivity
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Pattern effect: feedback depends on warming pattern

Observed historical Long-term temperature trends
Temperature trends
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Pattern effect: feedback depends on warming pattern

Observed historical Long-term temperature trends
Temperature trends
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Pattern effect: feedback depends on warming pattern

o o(y) T
atmospheric surface
radiative warming
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Cloud feedback decomposition

E N Z OR(x) ||of(x, 7, p) 0C(x)|[I(y)
T o of(x,7,p)| 0C(x) |oT(y)| T

Cloud Radiative kernels (radiation vs cloud fraction)
Cloud amount change (cloud frac vs cloud controlling factors)

Warming Pattern



Cloud feedback decomposition
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Tropical Climate Dynamics
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Response to Warm Pool warming
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Response to Warm Pool warming
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Response to Warm Pool warming
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Response to Warm Pool warming
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Response to Warm Pool warming
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How to constrain cloud feedbackse
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Cloud Radiative kernels (radiation vs cloud fraction)
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Constraining net feedback
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Constraining net feedback
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Method 1: T + EIS
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dR (W/m~2)

Method 1: T + EIS

CESM2 Abrupt 4xCO2
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Actual dR (W/m™2)

Method 1: T + EIS
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CRE S0S-30N (band-pass filtered to ENSO)

Regression o fradicied apa st Actual Badialive Response Regression of Predicted against Actual Radiative Response

8.

® 15 -
®
7 .
b 1 10 -
o o
E 05
4 - =
(o
o
3 - S 00-
¥
<L
2 »
-0.5
1 .
0 dl T T T T T T -1.0 *+ T T T T T T T
0 1 2 3 4 5 6 -06 -04 -0.2 0.0 0.2 04 0.6 0.8

Predicted dR (W/m~2) Predicted dR (W/m~™2)

R = aRT+ ox AELS frainable f CERES
Y SEIS onstrainaple from



Constraining feedback change
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Constraining feedback change
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Change in pattern looks like ENSO

Observed historical Long-term temperature trends
Temperature trends
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Method 2: Emergent constraint
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Uncertainty Quantification needed



Constraining feedback change vs ENSO
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Constraining reedbAack change
with respect to ENSO
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Constraining reedbAack change
with respect 1o ENSO
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Constraining reedbAack change
with respect 1o ENSO

CERES Low Cloud CRE ENSO Composite
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Constraining reedbAack change
with respect to ENSO

CERES Low Cloud CRE ENSO Composite
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Summary

Equilibrium Climate Sensitivity
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Pattern effect can be constrained from CERES
- Reduced dimension - CRE vs dominant CCF
- Emergent Constraints on ENSO feedback
- Detailed analysis of CRE response to ENSO + how does ENSO state changes?




